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Abstract
We study a free field realization of the elliptic quantum algebra Uq,p(ŝl3) for
arbitrary level k. We give the free field realization of elliptic analogue of Drinfeld
current associated with Uq,p(ŝl3) for arbitrary level k. In the limit p→ 0, q → 1 our
realization reproduces Wakimoto realization for the affine Lie algebra ŝl3.
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1 Introduction
The elliptic quantum group has been proposed in papers [1, 2, 3, 4, 5]. There are two types
of elliptic quantum groups, the vertex type Aq,p(ŝlN) and the face type Bq,λ(g), where g
is a Kac-Moody algebra associated with a symmetrizable Cartan matrix. The elliptic
quantum groups have the structure of quasi-triangular quasi-Hopf algebras introduced
by V.Drinfeld [6]. H.Konno [7] introduced the elliptic quantum algebra Uq,p(ŝl2) as an
algebra of the screening currents of the extended deformed Virasoro algebra in terms
of the fusion SOS model [8]. M.Jimbo, H.Konno, S.Odake, J.Shiraishi [9] continued to
1
study the elliptic quantum algebra Uq,p(ŝl2). They constructed the elliptic alnalogue
of Drinfeld currents and identified Uq,p(ŝl2) with the tensor product of Bq,λ(ŝl2) and a
Heisenberg algebra H. The elliptic quantum group Bq,λ(ŝl2) is a quasi-Hopf algebra while
the elliptic algebra Uq,p(ŝl2) is not. The intertwining relation of the vertex operator
of Bq,λ(ŝl2) is based on the quasi-Hopf structure of Bq,λ(ŝl2). By the above isomorphism
Uq,p(ŝl2) ≃ Bq,λ(ŝl2)⊗H, we can understand ”intertwining relation” of the vertex operator
for the elliptic algebra Uq,p(ŝl2). Along the above scheme the elliptic analogue of Drinfeld
current of Uq,p(ŝl2) is extended to those of Uq,p(g) for non-twisted affine Lie algebra g
[9, 10]. In this paper we are interested in higher-rank generalization of level k free field
realization of the elliptic quantum algebra. For the elliptic algebra Uq,p(ŝl2), there exist
two kind of free field realizations for arbitrary level k, the one is parafermion realization
[7, 9], the other is Wakimoto realization [16]. In this paper we are interested in the higher-
rank generalization of Wakimoto realization of Uq,p(ŝl2). We construct level k free field
realization of Drinfeld current associated with the elliptic algebra Uq,p(ŝl3). This gives
the first example of arbitrary level free field realization of the higher-rank elliptic algebra.
This free field realization can be applied for construction of the integrals of motion for
the elliptic algebra Uq,p(ŝl3). For this purpose, see references [17, 18, 19].
The organization of this paper is as follows. In section 2 we set the notation and
introduce bosons. In section 3 we review the level k free field realization of the quantum
group Uq(ŝl3) [15]. In section 4 we give the level k free field realization of the elliptic
quantum algebra Uq,p(ŝl3). In appendix we summarize the normal ordering of the basic
operators.
2 Boson
The purpose of this section is to set up the basic notation and to introduce the boson.
In this paper we fix three parameters q, k, r ∈ C. Let us set r∗ = r − k. We assume
k 6= 0,−3 and Re(r) > 0, Re(r∗) > 0. We assume q is a generic with |q| < 1, q 6= 0. Let
us set a pair of parameters p and p∗ by
p = q2r, p∗ = q2r
∗
.
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We use the standard symbol of q-integer [n] by
[n] =
qn − q−n
q − q−1
.
Let us set the elliptic theta function Θp(z) by
Θp(z) = (z; p)∞(p/z; p)∞(p; p)∞,
(z; p)∞ =
∞∏
n=0
(1− pnz).
It is convenient to work with the additive notation. We use the parametrization
q = e−pi
√−1/rτ ,
p = e−2pi
√−1/τ , p∗ = e−2pi
√−1/τ∗ , (rτ = r∗τ ∗),
z = q2u.
Let us set Jacobi elliptic theta function [u]r, [u]r∗ by
[u]r = q
u2
r
−u Θp(z)
(p; p)3∞
, [u]r∗ = q
u2
r∗−u Θp
∗(z)
(p∗; p∗)3∞
.
The function [u]r has a zero at u = 0, enjoys the quasi-periodicity property
[u+ r]r = −[u]r, [u+ rτ ]r = −e
−pi√−1τ− 2pi
√
−1u
r [u]r.
Let us set the delta-function δ(z) as formal power series.
δ(z) =
∑
n∈Z
zn.
Following [15] we introduce free bosons a1n, a
2
n, b
1
n, b
2
n, b
3
n, c
1
n, c
2
n, c
3
n, (n ∈ Z6=0).
[ain, a
j
m] =
[(k + 3)n][Ai,jn]
n
δn+m,0, [p
i
a, q
j
a] = (k + 3)Ai,j, (i, j = 1, 2), (2.1)
[bin, b
j
m] = −
[n]2
n
δi,jδn+m,0, [p
i
b, q
j
b ] = −δi,j , (i, j = 1, 2, 3), (2.2)
[cin, c
j
m] =
[n]2
n
δi,jδn+m,0, [p
i
c, q
j
c ] = δi,j, (i, j = 1, 2, 3). (2.3)
Here we have used Cartan matrix
 A11 A12
A21 A22
 =
 2 −1
−1 2
.
For parameters a1, a2, b1, b2, b3, c1, c2, c3 ∈ R, we set the vacuum vector |a, b, c〉 of the Fock
space Fa1a2b1b2b3c1c2c3 as following.
ain|a, b, c〉 = b
j
n|a, b, c〉 = c
j
n|a, b, c〉 = 0, (i = 1, 2; j = 1, 2, 3), (2.4)
3
pia|a, b, c〉 = ai|a, b, c〉, p
j
b|a, b, c〉 = bj |a, b, c〉, p
j
c|a, b, c〉 = cj |a, b, c〉,
(i = 1, 2; j = 1, 2, 3;n > 0). (2.5)
The Fock space Fa1a2b1b2b3c1c2c3 is generated by bosons a
1
−n, a
2
−n, b
1
−n, b
2
−n, b
3
−n, c
1
−n, c
2
−n, c
3
−n
for n ∈ N 6=0. The dual Fock space F∗a1a2b1b2b3c1c2c3 is defined as the same manner. In this
paper we construct the elliptic analogue of Drinfeld current for Uq,p(ŝl3) by these bosons
ain, b
j
n, c
j
n acting on the Fock space.
3 Free Field Realization of Uq(ŝl3)
The purpose of this section is to give the free field realization of the quantum affine algebra
Uq(ŝl3). We give a review of Wakimoto realization of Uq(ŝl3) [15]. Let us set the bosonic
operators ai±(z), b
i
±(z), γ
i(z), βis(z) by
ai±(z) = ±(q − q
−1)
∑
n>0
ai±nz
∓n ± pialogq, (i = 1, 2), (3.1)
bi±(z) = ±(q − q
−1)
∑
n>0
bi±nz
∓n ± piblogq, (i = 1, 2, 3), (3.2)
bi(z) = −
∑
n 6=0
bin
[n]
z−n + qib + p
i
blogz, (i = 1, 2, 3), (3.3)
ci(z) = −
∑
n 6=0
cin
[n]
z−n + qic + p
i
clogz, (i = 1, 2, 3), (3.4)
γi(z) = −
∑
n 6=0
(b+ c)in
[n]
z−n + (qib + q
i
c) + (p
i
b + p
i
c)log(−z), (i = 1, 2, 3), (3.5)
βi1(z) = b
i
+(z)− (b
i + ci)(qz), βi2(z) = b
i
−(z)− (b
i + ci)(q−1z), (i = 1, 2, 3), (3.6)
βi1(z) = b
i
+(z) + (b
i + ci)(qz), βi2(z) = b
i
−(z) + (b
i + ci)(q−1z), (i = 1, 2, 3). (3.7)
We give a free field realiztaion of Drinfeld current for Uq(ŝl3).
Definition 3.1 We define the bosonic operators e+1 (z), e
+
2 (z), e
−
1 (z), e
−
2 (z) by
e+1 (z) =
−1
(q − q−1)z
(e+,11 (z)− e
+,2
1 (z)), (3.8)
e+2 (z) =
−1
(q − q−1)z
(e+,12 (z)− e
+,2
2 (z) + e
+,3
2 (z)− e
+,4
2 (z)), (3.9)
e−1 (z) =
−1
(q − q−1)z
(e−,11 (z)− e
−,2
1 (z)− e
−,3
1 (z) + e
−,4
1 (z)), (3.10)
e−2 (z) =
−1
(q − q−1)z
(e−,12 (z)− e
−,2
2 (z) + e
−,3
2 (z)− e
−,4
2 (z)). (3.11)
4
ψ±1 (z) = : exp
(
b1±(q
±kz) + b1±(q
±(k+2)z) + b2±(q
±(k+3)z)− b3±(q
±(k+2)z) + a1±(q
± k+3
2 z)
)
:,
(3.12)
ψ±2 (z) = : exp
(
−b1±(q
±(k+1)z) + b2±(q
±kz) + b3±(q
±(k+1)z) + b3±(q
±(k+3)z) + a2±(q
± k+3
2 z)
)
:,
(3.13)
Here we have set
e+,11 (z) = : exp
(
β11(z)
)
:, (3.14)
e+,21 (z) = : exp
(
β12(z)
)
:, (3.15)
e+,12 (z) = : exp
(
γ1(z) + β21(z)
)
:, (3.16)
e+,22 (z) = : exp
(
γ1(z) + β22(z)
)
:, (3.17)
e+,32 (z) = : exp
(
β31(qz) + b
2
+(z)− b
1
+(qz)
)
:, (3.18)
e+,42 (z) = : exp
(
β32(qz) + b
2
+(z)− b
1
+(qz)
)
:, (3.19)
e−,11 (z) = : exp
(
β14(q
−k−2z) + b2−(q
−k−3z)− b3−(q
−k−2z) + a1−(q
− k+3
2 z)
)
:, (3.20)
e−,21 (z) = : exp
(
β13(q
k+2z) + b2+(q
k+3z)− b3+(q
k+2z) + a1+(q
k+3
2 z)
)
:, (3.21)
e−,31 (z) = : exp
(
γ2(qk+2z) + β31(q
k+2z) + b2+(q
k+3z)− b3+(q
k+2z) + a1+(q
k+3
2 z
)
:,(3.22)
e−,41 (z) = : exp
(
γ2(qk+2z) + β32(q
k+2z) + b2+(q
k+3z)− b3+(q
k+2z) + a1+(q
k+3
2 z
)
:,(3.23)
e−,12 (z) = : exp
(
γ2(q−k−1z)− β13(q
−k−1z) + 2b3−(q
−k−1z) + a2−(q
− k+3
2 z)
)
:, (3.24)
e−,22 (z) = : exp
(
γ2(q−k−1z)− β14(q
−k−1z) + 2b3−(q
−k−1z) + a2−(q
− k+3
2 z)
)
:, (3.25)
e−,32 (z) = : exp
(
β34(q
−k−3z) + a2−(q
− k+3
2 z)
)
:, (3.26)
e−,42 (z) = : exp
(
β33(q
k+3z) + a2+(q
k+3
2 z)
)
: . (3.27)
Here the symbol : O : represents the normal ordering of O. For example we have
: bkbl :=
 bikbil, k < 0bilbik, k > 0. : pibqib :=: qibpib := qibpib.
Theorem 3.1 [15] The bosonic operators e±i (z), ψ
±
i (z), (i = 1, 2) satisfy the following
commutation relations.
(z1 − q
Ai,jz2)e
+
i (z1)e
+
j (z2) = (q
Ai,jz1 − z2)e
+
j (z2)e
+
i (z1), (3.28)
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(z1 − q
−Ai,jz2)e
−
i (z1)e
−
j (z2) = (q
−Ai,jz1 − z2)e
−
j (z2)e
−
i (z1), (3.29)
[ψ±i (z1), ψ
±
j (z2)] = 0, (3.30)
(z1 − q
Ai,j−kz2)(z1 − q
−Ai,j+kz2)ψ
±
i (z1)ψ
∓
j (z2)
= (z1 − q
Ai,j+kz2)(z1 − q
−Ai,j−kz2)ψ
∓
j (z2)ψ
±
i (z1), (3.31)
(z1 − q
±(Ai,j− k2 )z2)ψ
+
i (z1)e
±
j (z2) = (q
±Ai,jz1 − q
∓ k
2 z2)e
±
j (z2)ψ
+
i (z1), (3.32)
(z1 − q
±(Ai,j− k2 )z2)e
±
i (z1)ψ
−
j (z2) = (q
±Ai,jz1 − q
∓ k
2 z2)ψ
−
j (z2)e
±
i (z1), (3.33)
{
e±i (z1)e
±
i (z2)e
±
j (z3)− (q + q
−1)e±i (z1)e
±
j (z3)e
±
j (z2) + e
±
i (z3)e
±
i (z1)e
±
j (z2)
}
+ {z1 ↔ z2} = 0, for (i 6= j), (3.34)
[e+i (z1), e
−
j (z2)] =
δi,j
(q − q−1)z1z2
(
δ
(
q−k
z1
z2
)
ψ+i (q
− k
2 z1)− δ
(
qk
z1
z2
)
ψ−i (q
− k
2 z2)
)
.
(3.35)
Hence e±i (z), ψ
±
i (z) give level k free field realization of Uq(ŝl3).
4 Free Field Realization of Uq,p(ŝl3)
The purpose of this section is to give a free field realization of the elliptic analogue of
Drinfeld current for Uq,p(ŝl3) with arbitrary level k 6= 0,−3. Let us set the bosonic
operators B∗i± (z),B
i
±(z), (i = 1, 2, 3), A
∗i(z),Ai(z), (i = 1, 2) by
B∗i± (z) = exp
(
±
∑
n>0
bi−n
[r∗n]
zn
)
, (i = 1, 2, 3), (4.1)
Bi±(z) = exp
(
±
∑
n>0
bin
[rn]
z−n
)
, (i = 1, 2, 3), (4.2)
Ai∗(z) = exp
(∑
n>0
ai−n
[r∗n]
zn
)
, (i = 1, 2), (4.3)
Ai(z) = exp
(
−
∑
n>0
ain
[rn]
z−n
)
, (i = 1, 2). (4.4)
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Definition 4.1 Let us set the bosonic operators ei(z), fi(z),Ψ
±
i (z), (i = 1, 2) by
ei(z) = U
∗i(z)e+i (z), (i = 1, 2), (4.5)
fi(z) = e
−
i (z)U
i(z), (i = 1, 2), (4.6)
Ψ+i (z) = U
∗i(q
k
2 z)ψ+i (z)U
i(q−
k
2 z), (i = 1, 2), (4.7)
Ψ+i (z) = U
∗i(q−
k
2 z)ψ−i (z)U
i(q
k
2 z), (i = 1, 2). (4.8)
Here we have set
U∗1(z) = B∗1+ (q
r∗z)B∗1+ (q
r∗−2z)B∗2+ (q
r∗−3z)B∗3− (q
r∗−2z)A∗1(qr
∗+ k−3
2 z), (4.9)
U∗2(z) = B∗3+ (q
r∗−3z)B∗3+ (q
r∗−1z)B∗2+ (q
r∗z)B∗1− (q
r∗−1z)A∗2(qr
∗+ k−3
2 z), (4.10)
U1(z) = B1−(q
−r∗z)B1−(q
−r∗+2z)B2−(q
−r∗+3z)B3+(q
−r∗+2z)A1(q−r
∗− k−3
2 z), (4.11)
U2(z) = B3−(q
−r∗+1z)B3−(q
−r∗+1z)B2−(q
−r∗z)B1+(q
−r∗+1z)A2(q−r
∗− k−3
2 z). (4.12)
The above free field realization of the twistors U∗i(z), U i(z), (i = 1, 2) is the main result
of this paper.
Proposition 4.1 The bosonic operators ei(z), fi(z),Ψ
±
i (z), (i = 1, 2) satisfy the follow-
ing commutation relations.
ei(z1)ej(z2) = q
−Ai,j Θp∗(q
Ai,jz1/z2)
Θp∗(q−Ai,jz1/z2)
ej(z2)ei(z1), (4.13)
fi(z1)fj(z2) = q
Ai,j
Θp(q
−Ai,jz1/z2)
Θp(qAi,jz1/z2)
fj(z2)fi(z1), (4.14)
Ψ±i (z1)Ψ
±
j (z2) =
Θp(q
−Ai,jz1/z2)Θp∗(qAi,jz1/z2)
Θp(qAi,jz1/z2)Θp∗(q−Ai,jz1/z2)
Ψ±j (z2)Ψ
±
i (z1), (4.15)
Ψ±i (z1)Ψ
∓
j (z2) =
Θp(pq
−Ai,j−kz1/z2)Θp∗(p∗qAi,j+kz1/z2)
Θp(pqAi,j−kz1/z2)Θp∗(p∗q−Ai,j+kz1/z2)
Ψ∓j (z2)Ψ
±
i (z1), (4.16)
Ψ±i (z1)ej(z2) =
Θp∗(q
Ai,j± k2 z1/z2)
Θp∗(q
−Ai,j± k2 z1/z2)
ej(z2)Ψ
±
i (z1), (4.17)
Ψ±i (z1)fj(z2) =
Θp∗(q
−Ai,j∓ k2 z1/z2)
Θp∗(q
Ai,j∓ k2 z1/z2)
ej(z2)Ψ
±
i (z1), (4.18)
[ei(z1), fj(z2)] =
δi,j
(q − q−1)z1z2
(
δ
(
q−k
z1
z2
)
Ψ+i (q
−k/2z1)− δ
(
qk
z1
z2
)
Ψ−i (q
−k/2z2)
)
,
(i 6= j). (4.19)
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We introduce the Heisenberg algebra H generated by the following Pi, Qi, (i = 1, 2).
[Pi, Qj] =
Ai,j
2
, (i, j = 1, 2). (4.20)
Definition 4.2 Let us define the bosonic operators Ei(z), Fi(z), H
±
i (z) ∈ Uq(ŝl3)⊗H,
(i = 1, 2) by
E1(z) = e1(z)e
2Q1z−
P1−1
r∗ , E2(z) = e2(z)e
2Q2z−
P2−1
r∗ , (4.21)
F1(z) = f1(z)z
2p1
b
+p2
b
−p3
b
+p1a
r z
P1−1
r , F2(z) = f2(z)z
2p3
b
+p2
b
−p1
b
+p2a
r z
P2−1
r , (4.22)
H±1 (z) = Ψ
±
1 (z)e
2Q1(q∓
k
2 z)
2p1
b
+p2
b
−p3
b
+p1a
r (q±(r−
k
2
)z)
P1−1
r
−P1−1
r∗ , (4.23)
H±2 (z) = Ψ
±
2 (z)e
2Q2(q∓
k
2 z)
2p3
b
+p2
b
−p1
b
+p2a
r (q±(r−
k
2
)z)
P2−1
r
−P2−1
r∗ . (4.24)
Theorem 4.2 The bosonic operators Ei(z), Fi(z), H
±
i (z), (i = 1, 2) satisfy the following
commutation relations.
Ei(z1)Ej(z2) =
[
u1 − u2 +
Ai,j
2
]
r∗[
u1 − u2 −
Ai,j
2
]
r∗
Ej(z2)Ei(z1), (4.25)
Fi(z1)Fj(z2) =
[
u1 − u2 −
Ai,j
2
]
r[
u1 − u2 +
Ai,j
2
]
r
Fj(z2)Fi(z1), (4.26)
H±i (z1)H
±
j (z2) =
[
u1 − u2 −
Ai,j
2
]
r
[
u1 − u2 +
Ai,j
2
]
r∗[
u1 − u2 +
Ai,j
2
]
r
[
u1 − u2 −
Ai,j
2
]
r∗
H±j (z2)H
±
i (z1), (4.27)
H+i (z1)H
−
j (z2) =
[
u1 − u2 −
Ai,j
2
−
k
2
]
r
[
u1 − u2 +
Ai,j
2
+
k
2
]
r∗[
u1 − u2 +
Ai,j
2
−
k
2
]
r
[
u1 − u2 −
Ai,j
2
+
k
2
]
r∗
H−j (z2)H
+
i (z1),
(4.28)
H±i (z1)Ej(z2) =
[
u1 − u2 ±
k
4
+
Ai,j
2
]
r∗[
u1 − u2 ±
k
4
−
Ai,j
2
]
r∗
Ej(z2)H
±
i (z1), (4.29)
H±i (z1)Fj(z2) =
[
u1 − u2 ∓
k
4
−
Ai,j
2
]
r[
u1 − u2 ∓
k
4
+
Ai,j
2
]
r
Fj(z2)H
±
i (z1), (4.30)
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[Ei(z1), Fj(z2)] =
δi,j
(q − q−1)z1z2
(
δ
(
q−k
z1
z2
)
H+i (q
− k
2 z1)− δ
(
qk
z1
z2
)
H−i (q
− k
2 z2)
)
.(4.31)
Now we have costructed level k free field realization of Drinfeld current Ei(z), Fi(z), H
±
i (z)
for the elliptic algebra Uq,p(ŝl3). This gives the first example of arbitrary-level free field
realization of higher-rank elliptic algebra.
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Appendix
In appendix we summarize the normal ordering of the basic operators.
: eγ
i(z1) : B∗i+ (z2) = : e
γi(z1)B∗i+ (z2) :
(qr
∗+1z2/z1; p
∗)∞
(qr∗−1z2/z1; p∗)∞
,
: eβ
i
1
(z1) : B∗i+ (z2) = : e
βi
1
(z1)B∗i+ (z2) :
(qr
∗
z2/z1; p
∗)∞
(qr∗+2z2/z1; p∗)∞
,
: eβ
i
2
(z1) : B∗i+ (z2) = : e
βi
2
(z1)B∗i+ (z2) :
(qr
∗
z2/z1; p
∗)∞
(qr∗+2z2/z1; p∗)∞
,
: eβ
i
3(z1) : B∗i+ (z2) = : e
βi3(z1)B∗i+ (z2) :
(qr
∗
z2/z1; p
∗)∞
(qr∗−2z2/z1; p∗)∞
,
: eβ
i
4
(z1) : B∗i+ (z2) = : e
βi
4
(z1)B∗i+ (z2) :
(qr
∗
z2/z1; p
∗)∞
(qr∗+2z2/z1; p∗)∞
,
Bi−(z1) : e
γi(z2) : = : Bi−(z1)e
γi(z2) :
(qr+1z2/z1; p)∞
(qr−1z2/z1; p)∞
,
Bi−(z1) : e
βi1(z2) : = : Bi−(z1)e
βi1(z2) :
(qrz2/z1; p)∞
(qr+2z2/z1; p)∞
,
Bi−(z1) : e
βi
2
(z2) : = : Bi−(z1)e
βi
2
(z2) :
(qrz2/z1; p)∞
(qr+2z2/z1; p)∞
,
Bi−(z1) : e
βi
3
(z1) : = : Bi−(z1)e
βi
3
(z1) :
(qrz2/z1; p)∞
(qr−2z2/z1; p)∞
,
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Bi−(z1) : e
βi4(z2) : = : Bi−(z1)e
βi4(z2) :
(qrz2/z1; p)∞
(qr−2z2/z1; p)∞
,
eb
i
+(z1)B∗i+(z2) = : e
bi+(z1)B∗i+ (z2) :
(qr
∗
z2/z1; p
∗)2∞
(qr∗+2z2/z1; p∗)∞(qr
∗−2z2/z1; p∗)∞
,
Bi−(z1)e
bi−(z2) = : Bi−(z1)e
bi−(z2) :
(qrz2/z1; p)
2
∞
(qr+2z2/z1; p)∞(qr−2z2/z1; p)∞
,
ea
i
+
(z1)A∗i(z2) = : e
ai
+
(z1)A∗i(z2) :
(qr
∗+k+5z2/z1; p
∗)∞(qr
∗−k−5z2/z1; p∗)∞
(qr∗+k+1z2/z1; p∗)∞(qr
∗−k−1z2/z1; p∗)∞
,
ea
1
+(z1)A∗2(z2) = : e
a1+(z1)A∗2(z2) :
(qr
∗+k+2z2/z1; p
∗)∞(qr
∗−k−2z2/z1; p∗)∞
(qr∗+k+4z2/z1; p∗)∞(qr
∗−k−4z2/z1; p∗)∞
,
ea
2
+(z1)A∗1(z2) = : e
a2+(z1)A∗1(z2) :
(qr
∗+k+2z2/z1; p
∗)∞(qr
∗−k−2z2/z1; p∗)∞
(qr∗+k+4z2/z1; p∗)∞(qr
∗−k−4z2/z1; p∗)∞
,
Ai(z1)e
ai−(z2) = : Ai(z1)e
ai−(z2) :
(qr+k+5z2/z1; p)∞(qr−k−5z2/z1; p)∞
(qr+k+1z2/z1; p)∞(qr−k−1z2/z1; p)∞
,
A1(z1)e
a2−(z2) = : A1(z1)e
a2−(z2) :
(qr+k+2z2/z1; p)∞(qr−k−2z2/z1; p)∞
(qr+k+4z2/z1; p)∞(qr−k−4z2/z1; p)∞
,
A2(z1)e
a1−(z2) = : A2(z1)e
a1−(z2) :
(qr+k+2z2/z1; p)∞(qr−k−2z2/z1; p)∞
(qr+k+4z2/z1; p)∞(qr−k−4z2/z1; p)∞
,
Bi−(z1)B
∗i
+ (z2) = : B
i
−(z1)B
∗i
+ (z2) :
(qkz2/z1; q
2k, p∗)2∞
(qk+2z2/z1; q2k, p∗)∞(qk−2z2/z1; q2k, p∗)∞
×
(qk+2z2/z1; q
2k, p)∞(qk−2z2/z1; q2k, p)∞
(qkz2/z1; q2k, p)2∞
,
Ai(z1)A
∗i(z2) = : A
i(z1)A
∗i(z2) :
(q2k+5z2/z1; q
2k, p∗)∞(q−5z2/z1; q2k, p∗)∞
(q2k+1z2/z1; q2k, p∗)∞(q−1z2/z1; q2k, p∗)∞
×
(q2k+1z2/z1; q
2k, p)∞(q−1z2/z1; q2k, p)∞
(q2k+5z2/z1; q2k, p)∞(q−5z2/z1; q2k, p)∞
,
A1(z1)A
∗2(z2) = : A
1(z1)A
∗2(z2) :
(q2k+2z2/z1; q
2k, p∗)∞(q−2z2/z1; q2k, p∗)∞
(q2k+4z2/z1; q2k, p∗)∞(q−4z2/z1; q2k, p∗)∞
×
(q2k+4z2/z1; q
2k, p)∞(q−4z2/z1; q2k, p)∞
(q2k+2z2/z1; q2k, p)∞(q−2z2/z1; q2k, p)∞
,
A2(z1)A
∗1(z2) = : A
2(z1)A
∗1(z2) :
(q2k+2z2/z1; q
2k, p∗)∞(q−2z2/z1; q2k, p∗)∞
(q2k+4z2/z1; q2k, p∗)∞(q−4z2/z1; q2k, p∗)∞
×
(q2k+4z2/z1; q
2k, p)∞(q−4z2/z1; q2k, p)∞
(q2k+2z2/z1; q2k, p)∞(q−2z2/z1; q2k, p)∞
.
Here we have used the notation
(z; p1, p2)∞ =
∞∏
n1,n2=0
(1− pn11 p
n2
2 z).
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currents and vertex operators, Commun.Math.Phys.199, 605-647, (1999).
[10] T.Kojima and H.Konno : The Elliptic Algebra Uq,p(ŝlN) and the Drinfeld Realization
of the Elliptic Quantum Group Bq,λ(ŝlN), Commun.Math.Phys.237, 405-447, (2003).
[11] M.Wakimoto : Fock representation of the Affine Lie Algebra A
(1)
1 , Com-
mun.Math.Phys.104, 605-609, (1986).
[12] B.Feigin and E.Frenkel : Representation of Affine Kac-Moody algebra and bosoniza-
tion, Physics and Mathematics of Strings, World Scientific, 1990, 271-316.
11
[13] A.Matsuo : A q-deformation of Wakimoto modules, primary fields and screening
operators, Commun.Math.Phys.160,33-48,(1994).
[14] J.Shiraishi : Free Boson Realization of Uq(ŝl2), Phys.Lett.A171, 243-248, (1992).
[15] H.Awata, S.Odake and J.Shiraishi : Free Boson Representation of Uq(ŝl3),
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